Over the past 2 decades, there has been increased attention and effort to reduce disparities in live donor kidney transplantation (LDKT) for black, Hispanic, and Asian patients with end-stage kidney disease. The goal of this study was to investigate whether these efforts have been successful. OBJECTIVE To estimate changes over time in racial/ethnic disparities in LDKT in the United States, accounting for differences in death and deceased donor kidney transplantation. EXPOSURES Race/ethnicity.
L ive donor kidney transplantation accounts for approximately one-third of kidney transplants performed in the United States.
1 Live donor kidney transplantation is associated with improved clinical outcomes and quality of life for clinically suitable patients with end-stage kidney disease compared with receiving long-term dialysis treatment or deceased donor kidney transplantation. 1,2 National data since 1988 show that patients from racial/ethnic minority groups are less likely to receive live donor kidney transplantation than white patients despite having a disproportionately higher burden of endstage kidney disease. 1,2 Prior studies [3] [4] [5] [6] suggested that racial/ ethnic disparities in live donor kidney transplantation may be attributable to barriers encountered at multiple steps along the path to successful live donor kidney transplantation. The steps during which these barriers may be encountered include during referral, identification and pursuit of potential living donors, evaluation, and treatment decision making by the clinician, potential donor, and potential recipient. Over the last 2 decades, dozens of interventions addressing racial/ethnic disparities in live donor kidney transplantation have been developed and implemented in single-center and small multicenter environments. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] These interventions have addressed a wide range of barriers including knowledge, concerns, and clinical characteristics of the live donor kidney transplantation recipient and donor; beliefs, attitudes, and behaviors of health care clinicians; and awareness, attitudes, and disease burden of the US population. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In addition to these programs, US policy makers have enacted federal and state legislation over the past 2 decades that primarily targeted the reduction of economic barriers for potential living donors.
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The primary goal of this study was to assess whether racial/ ethnic disparities in live donor kidney transplantation have narrowed over the last 2 decades.
Methods

Data Source
This study was reviewed by the institutional review board at the Johns Hopkins University School of Medicine. The board determined that the study qualified for an exemption under the Code of Federal Regulations 16 because the study participants cannot be identified directly or through linked identifiers. The study used data from the Scientific Registry of Transplant Recipients (SRTR). The SRTR system includes data on all donors, candidates, and transplantation recipients in the United States that are submitted by the members of the Organ Procurement and Transplantation Network (OPTN). The Health Resources and Services Administration within the US Department of Health and Human Services oversees the activities of the OPTN and SRTR contractors. Data from the SRTR were linked at the 5-digit zip code level with neighborhood socioeconomic status and poverty data using the American Community Surveys from the US Census.
Study Design
The study population included adults (aged ≥18 years) on the deceased donor kidney transplantation waiting list for a first kidney transplantation between January 1, 1995, and December 31, 2014. On the OPTN adult kidney transplantation registration forms, which were completed by clinicians at the transplantation center, the race/ethnicity of all candidates included in this study was designated using 1 of the following fixed categories: white, black/African American, Hispanic/ Latino, or Asian. This study was not sufficiently powered to examine temporal changes in live donor kidney transplantation disparities among candidates identified as American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, or multiracial due to the small population sizes during some of the years. Five candidates (0.001%) did not have a racial/ethnic assignment and were excluded from the study. The primary study outcome of time to live donor kidney transplantation was determined by the transplant date documented on the OPTN forms by the transplantation center.
Statistical Analysis
Descriptive Data Analysis Clinical and demographic characteristics were stratified by kidney transplantation candidate race/ethnicity and year of placement on the deceased donor kidney transplantation waiting list. Wilcoxon rank sum (for continuous variables) and χ 2 tests (for categorical variables) were performed to compare distributions and assess statistical significance. Kaplan-Meier methods, which accounted for the competing risks of deceased donor kidney transplantation and mortality, were used to assess candidate racial/ethnic differences in the estimated cumulative incidence of live donor kidney transplantation at 2 years after appearing on the waiting list. In addition, among live donor kidney transplantation recipients, racial/ethnic differences in recipient and donor characteristics were assessed over time.
Wilcoxon rank sum and χ 2 tests were performed to assess statistical significance between racial/ethnic differences.
Cox Proportional Hazards and Competing Risk Models
Associations between race/ethnicity and time to live donor kidney transplantation were analyzed using multivariable Cox proportional hazards regression models that estimated adjusted hazard ratios. The data were categorized into 5-year increments (1995-1999, 2000-2004, 2005-2009, 2010-2014) based 5% in 1995-1999, 0% in 2000-2004, 0.1% in 2005-2009, 0% in 2010-2014) , highest level of education (13.1% missing overall, 23.5% in 1995-1999, 20.2% in 2000-2004, 11.8% in 2005-2009, 4.3% in 2010-2014) , body mass index (1.6% missing overall, 4.6% in 1995-1999, 2.1% in 2000-2004, 1.2% in 2005-2009, 0.2% in 2010-2014) , peak PRA or CPRA (2.0% missing overall, 3.6% in 1995-1999, 3.1% in 2000-2004, 2.4% in 2005-2009, 0% in 2010-2014) , neighborhood poverty level of households (2.6% missing overall, 4.7% in 1995-1999, 2.8% in 2000-2004, 2.1% in 2005-2009, 1.7% in 2010-2014) , and median patient distance to center (1.1% missing overall, 2.8% in 1995-1999, 1.2% in 2000-2004, 0.6% in 2005-2009, 0.5% in 2010-2014) .
c Calculated as weight in kilograms divided by height in meters squared.
d These variables were not included as covariates in the primary models. Kidney transplantation volume and estimate of nonwhite kidney transplantation candidates were calculated based on the prevalence at the middle time point of the period interval.
e Based on US Census estimates of residents living below the federal poverty level within the zip code where the candidate resided at the time of appearing on the waiting list.
f Distance determined using zip code data.
Research Original Investigation
Trends in Live Donor Kidney Transplantation Receipt by Race/Ethnicity, 1995 -2014 5% in 1995-1999, 0% in 2000-2004, 0.1% in 2005-2009, 0% in 2010-2014) , highest level of education (13.1% missing overall, 23.5% in 1995-1999, 20.2% in 2000-2004, 11.8% in 2005-2009, 4.3% in 2010-2014) , body mass index (1.6% missing overall, 4.6% in 1995-1999, 2.1% in 2000-2004, 1.2% in 2005-2009, 0.2% in 2010-2014) , peak PRA or CPRA (2.0% missing overall, 3.6% in 1995-1999, 3.1% in 2000-2004, 2.4% in 2005-2009, 0% in 2010-2014) , neighborhood poverty level of households (2.6% missing overall, 4.7% in 1995-1999, 2.8% in 2000-2004, 2.1% in 2005-2009, 1.7% in 2010-2014) , and median patient distance to center (1.1% missing overall, 2.8% in 1995-1999, 1.2% in 2000-2004, 0.6% in 2005-2009, 0.5% in 2010-2014) .
Trends in Live Donor Kidney Transplantation Receipt by Race/Ethnicity, 1995 -2014 on the date of candidate placement on the deceased donor kidney transplantation waiting list to allow for an adequate sample size in each analytical cell. Patients were followed up for 2 years after placement on the waiting list.
Patients were censored at the first documented date of death; receipt of deceased donor kidney transplantation; at 2 years after initial placement on the deceased donor kidney transplantation waiting list; at the date of removal from the deceased donor kidney transplantation waiting list due to reasons other than receipt of kidney transplantation or death; or at the end of the study observation period on December 31, 2016. The decision to censor patients at 2 years after appearing on the waiting list was informed by a prior study of national data reporting that most live donor kidney transplantations occurred within the first 6 months of being listed. 4 All regression models were adjusted for biologically plausible confounders (age, sex, body mass index [calculated as weight in kilograms divided by height in meters squared], panel reactive antibody, and ABO blood type) measured at the time of appearing on the waiting list. Statistical interaction terms were used in regression models to formally test the statistical significance of temporal changes in racial/ethnic disparities in the receipt of live donor kidney transplantation. To evaluate whether differences in live donor kidney transplantation were related to differences in deceased donor kidney transplantation or death (ie, informative censoring), the main analyses were repeated using competing risk models according to the methods of Fine and Gray 17 (estimating adjusted subhazard ratios). The analyses in which death and deceased donor kidney transplantation were treated as separate competing risk events were adjusted for the same variables described above.
Sensitivity Analysis
To test the robustness of the estimates, all analyses were repeated in (1) a contemporary cohort of kidney transplantation candidates who were added to the deceased donor The graphs illustrate the Kaplan-Meier estimated cumulative incidence at 2 years of being on the waiting list among kidney transplantation candidates. Additional models were used to examine the extent to which the racial/ethnic differences in potential mediators of (1) health care access and socioeconomic status factors (neighborhood poverty level, education level, health insurance type, time receiving dialysis) and (2) transplantation center factors (distance to center, kidney transplantation candidate volume, percentage of nonwhite kidney transplantation candidates, median time to deceased donor kidney transplantation, live donor kidney transplantation volume) influenced the primary findings. To estimate the influence of these potential mediators on racial/ethnic disparities in live donor kidney transplantation, these factors were incrementally incorporated into the Cox regression and the competing risk models.
Model Testing and Statistical Significance
Complementary log-log plots and Schoenfeld residuals were examined to assess the proportional hazards assumption. The variance inflation factor and Eigen values were used to test for colinearity among the vector of explanatory variables. The standard SRTR risk adjustment approach was used for handling missing data. With the SRTR approach, missing variable levels were modeled separately from known variable levels in the regression models. The robustness of estimates was tested by comparing results from an alternate modeling approach to handle missing data (multiple imputation), and the inferences remained the same for the study outcomes of interest. The correction for false-discovery rate and the Bonferroni correction were used to account for multiple comparisons.
A 2-tailed P value <.05 was considered statistically significant. All analyses were conducted using Stata version 14.1 (StataCorp).
Results
Population Characteristics
Among 453 162 adult kidney transplantation candidates identified within the SRTR between 1995 and 2014 (mean [SD] age, 50.9 [13.1] years; 39% were women; 48% were white [n = 217 040]; 30%, black [n = 135 333]; 16%, Hispanic [n = 71 912]; and 6%, Asian [n = 28 877]), 59 516 (13.1%) received live donor kidney transplantation. Study participants were censored due to the following reasons: death (n = 30 653), deceased donor kidney transplantation (n = 86 008), waiting list removal due to reasons other than receipt of kidney transplantation or death (n = 50 748), or at 2 years after initial listing (n = 226 237). Of all live donor kidney transplantation recipients, 87.5% received live donor kidney transplantation within 2 years of placement on the waiting list and these outcomes were included in the study. After 2 years of placement on the waiting list, which is outside the study scope, 12.5% of patients received live donor kidney transplantations.
Mean age, body mass index, and prevalence of end-stage kidney disease secondary to diabetes increased from 1995 to 2014. Black and Hispanic patients were younger and also less likely to have college degrees than Asian and white patients. The prevalence of private health insurance was highest among white and Asian patients, and the prevalence of Medicare as the primary coverage was highest among black and Hispanic patients. The prevalence of end-stage kidney disease due to a Indicates the cumulative number of kidney transplantation candidates placed on the deceased donor kidney transplantation waiting list. , 1995-2014 hypertension or diabetes was highest among black and Hispanic patients, whereas the prevalence of end-stage kidney disease due to glomerular diseases or other causes was highest among white and Asian patients. Black and Hispanic patients spent the longest time receiving dialysis and had the highest prevalence of body mass index of 35 or greater ( Table 1 and Table 2 ).
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Temporal Changes in Receipt of Live Donor Kidney Transplantation by Candidate Race/Ethnicity
In 1995, the cumulative incidence of live donor kidney transplantation at 2 years after placement on the deceased donor kidney transplantation waiting list was 7.0% among white patients, 3.4% among black patients, 6.8% among Hispanic patients, and 5.1% among Asian patients; in 2014, the cumulative incidence of live donor kidney transplantation at 2 years after placement on the deceased donor kidney transplantation waiting list was 11.4% among white patients, 2.9% among black patients, 5.9% among Hispanic patients, and 5.6% among Asian patients ( Figure 1A ). Temporal changes in racial/ethnic differences in receipt of deceased donor kidney transplantation ( Figure 1B ) and mortality ( Figure 1C ) also were observed during the study period. Table 3) .
In the models that treated death and deceased donor kidney transplantation as competing risks, adjusted for biologically plausible confounders, and compared receipt of live donor kidney transplantation in the 1995-1999 cohort, the adjusted subhazard ratio for the receipt of live donor kidney transplantation in the 2010-2014 cohort was 1.86 (95% CI, 1.80-1.92) among white patients, 1.13 (95% CI, 1.06-1.21) among black patients, 1.17 (95% CI, 1.09-1.26) among Hispanic patients, and 1.39 (95% CI, 1.23-1.58) among Asian patients (Table 4) . Results from unadjusted models (Table 4) , Cox models (eTable 1intheSupplement), and sensitivity analysis models (eTable 2, eTable 3, eTable 4, and eTable 5 in the Supplement) also reflect racial/ethnic differences in temporal changes in the receipt of live donor kidney transplantation. Transplantation From 1995 -1999 to 2010 -2014 From 1995 -1999 to 2010 -2014 , racial/ethnic disparities in the receipt of live donor kidney transplantation increased (P < .001 for all statistical interaction terms in adjusted models comparing white patients vs black, Hispanic, and Asian patients). In models that treated death and deceased donor kidney transplantation as competing risks and adjusted for biologically plausible confounders in the 1995-1999 cohort compared with the receipt of live donor kidney transplantation among white patients, the adjusted subhazard ratio was 0.45 (95% CI, 0.42-0.48) among black patients, 0.83 (95% CI, 0.77-0.88) among Hispanic patients, and 0.56 (95% CI, 0.50-0.63) among Asian patients (Table 5 ).
Racial/Ethnic Disparities in Receipt of Live Donor Kidney
In the 2010-2014 cohort, compared with receipt of live donor kidney transplantation among white patients, the adjusted subhazard ratio was 0.27 (95% CI, 0.26-0.28) among black patients, 0.52 (95% CI, 0.50-0.54) among Hispanic patients, and 0.42 (95% CI, 0.39-0.45) among Asian patients (Table 5 ). Inferences from unadjusted competing risk models (Table 5 ), Cox models (eTable 1 in the Supplement), and sensitivity analysis models (eTable 2, eTable 3, eTable 4, and eTable 5i nt h eSupplement) were similar to inferences from adjusted competing risk models.
Potential Mechanisms Influencing Racial/Ethnic Disparities in Receipt of Live Donor Kidney Transplantation
Findings from exploratory models suggest that among black and Hispanic patients, adjustments for differences in health care access and socioeconomic status factors were more strongly related to attenuating disparities in live donor kidney transplantation than transplantation center factors. However, even in fully adjusted models, live donor kidney transplantation disparities substantially increased over time for black and Hispanic patients (Figure 2) . In additional stratified models, the magnitude of the increase over time in racial/ ethnic disparities in the receipt of live donor kidney transplantation was greater for black patients and Hispanic patients (1) living in poorer (vs wealthier) neighborhoods, (2) without (vs with) a college degree, and (3) with Medicare (vs private) insurance (eTable 2 in the Supplement). Recipients and Donors From 1995 -1999 to 2010 -2014 In secondary models, temporal changes in live donor kidney transplantation recipient and donor characteristics were explored by race/ethnicity. Across all racial/ethnic groups, live donor kidney transplantation recipients in 2010-2014 were more likely to be older, male, have a college degree, and receive preemptive live donor kidney transplantation than those in 1995-1999. Donors of live donor kidney transplantation in 2010-2014 were more likely to be older or female, and less likely to be biologically related or concordant by race/ethnicity with the recipient compared with donors of live donor kidney transplantation in 1995-1999 (eTable 6 in the Supplement).
Characteristics of Live Donor Kidney Transplantation
Discussion
In this national study of more than 450 000 adult kidney transplantation candidates in the United States who were added to the deceased donor kidney transplantation waiting list between 1995 and 2014, racial/ethnic disparities in the receipt of live donor kidney transplantation increased from Asian patients in 1995-1999, 2000-2004, 2005-2009, and 2010-2014. b From competing risk models performed according to the methods of Fine and Gray.
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The competing risk models were adjusted for differences in biologically plausible confounders, including age (continuous), sex (male and female), body mass index (calculated as weight in kilograms divided by height in meters squared; 1995-1999 to 2010-2014. Exploratory study findings suggest that racial/ethnic differences in health care access and socioeconomic status factors may be related to the increasing racial/ ethnic disparities in the receipt of live donor kidney transplantation among black and Hispanic patients. These findings are consistent with and build on prior study findings that racial/ethnic disparities in socioeconomic status measures, including education and health insurance coverage, may be associated with racial/ethnic differences in the receipt and timing of specialist kidney care from a nephrologist prior to end-stage kidney disease. [18] [19] [20] Delays in the receipt of kidney care may also contribute to reported racial/ ethnic differences in the quality and timing of patientclinician and family-clinician discussions about live donor kidney transplantation as a treatment option.
10,21
Secondary study findings that live donor kidney transplantation recipients in 2010-2014 were less likely to have a biologically related donor than those in 1995-1999 are consistent with prior work documenting a decrease in national rates of living donation from relatives in the United States.
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Declines in living donation from relatives may reflect an increasing prevalence of risk factors for end-stage kidney disease (eg, obesity, diabetes, and hypertension) and other clinical contraindications to live donation within the families of kidney transplantation candidates. [23] [24] [25] [26] [27] In this study, the prevalence of end-stage kidney disease due to diabetes or hypertension increased to greater than 72% for black patients and 68% for Hispanic patients compared with 46% for white patients. Familial clustering of end-stage kidney disease risk factors may also contribute to the difficulties reported by black and Hispanic patients in identifying suitable living donors within their families and close social networks.
5,21
An important policy change in deceased donor organ allocation occurred during the study period. In 2003, the United The adjusted subhazard ratios were estimated using competing risk models according to the methods of Fine and Gray. 17 Estimated adjusted subhazard ratios greater than 1 suggest that the racial/ethnic group is more likely to receive live donor kidney transplantation compared with white candidates. Estimated adjusted subhazard ratios less than 1 suggest that the racial/ethnic group is less likely to receive live donor kidney transplantation compared with white candidates. The error bars indicate 95% CIs. Network for Organ Sharing, which oversees OPTN, approved a change in deceased donor kidney allocation that eliminated the priority points given to HLA-B matching. 28, 29 Previous studies reported that this change was associated with a reduction in the disparity between black and white patients in the receipt of deceased donor kidney transplantation.
28,29
Consistent with prior studies, there was a similar reduction in the racial disparity in deceased donor kidney transplantation in this study. Findings from models accounting for deceased donor kidney transplantation and death as competing risks yielded similar results to models censoring for deceased donor kidney transplantation and death. Racial/ ethnic disparities in live donor kidney transplantation increased in recent years, even after accounting for differences in deceased donor kidney transplantation and death.
In addition, study findings of an increasing prevalence of Hispanic adult kidney transplantation candidates and an increase in disparities in live donor kidney transplantation reinforce calls for culturally targeted programs to overcome barriers to live donor kidney transplantation in the Hispanic community.
30,31 A recent review of culturally competent strategies to increase knowledge regarding live donor kidney transplantation in Hispanic communities concluded that only 3 culturally targeted interventions have been developed and evaluated since 2010. 30 These interventions, including a mass and social media campaign, exposure to a bilingual website, and transplantation center provision of live donor kidney transplantation education and culturally and linguistically competent care, were found to be effective in increasing knowledge about live donor kidney transplantation. [30] [31] [32] [33] Increased live donor kidney transplantation knowledge in Hispanic communities and culturally appropriate decision support may be important for addressing disparities in patients' willingness to identify and approach potential donors in their families and close social networks.
30-33
Findings from this study suggest that current efforts to reduce live donor kidney transplantation disparities need to be revisited, perhaps with a national strategy initiative. Although center-level patient engagement strategies are important for removing disincentives to live donor kidney transplantation, the implementation of national, evidence-based strategies to address live donor kidney transplantation disparities would likely be more effective.
Potential strategies could include national dissemination of evidence-based culturally and linguistically appropriate live donor kidney transplantation educational materials, online communities, patient navigation services, and policies to standardize and increase the availability of kidney exchanges and chains to help overcome immunological barriers for recipientdonor pairs. Collaborations among researchers, patient advocates, and policy makers are also needed to monitor the effects of legislative efforts on racial/ethnic minorities and to directly target identified barriers to achieving transplantation equity.
This study has several strengths. The first is the ability to comprehensively analyze 2 decades of national data to assess temporal changes in live donor kidney transplantation by race/ ethnicity. A second strength is the ability to examine a wellcharacterized US population of adult kidney transplantation candidates with comprehensive follow-up for transplantation, death, or waiting list removal. A third strength of the study is the ability to account for differences in many important characteristics that might confound or potentially mediate observed associations.
Limitations
The study also has a number of limitations. The first is that the study was limited by the variables available in the SRTR, including clinician-reported race/ethnicity and comorbidities, which has some potential for misclassification bias. The second limitation is the inability to further subcategorize the broad racial/ethnic categories available in the national registry (ie, Hispanic/Latino, Asian, black/African American, and white) to identify unique barriers to live donor kidney transplantation in more disadvantaged racial/ethnic subgroups. The third is the inability to assess the extent to which potential racial/ethnic differences in preferences about and willingness to pursue live donor kidney transplantation among kidney transplantation candidates may be related to our observed findings. The fourth limitation is that the study was unable to account for individual-level patient income. Even though zip-code level measures are important proxies, 20 the future availability of individual-level income in national registries would allow researchers to better delineate the extent to which trends in individual-level income may have contributed to changes in racial/ethnic disparities in live donor kidney transplantation.
Conclusions
Among adult first-time kidney transplantation candidates in the United States who were added to the deceased donor kidney transplantation waiting list between 1995 and 2014, disparities in the receipt of live donor kidney transplantation increased from 1995-1999 to 2010-2014 . These findings suggest that national strategies for addressing disparities in receipt of live donor kidney transplantation should be revisited.
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comparing LDKT in recent candidate cohorts to the earliest time cohort (1995 1999) by race/ethnicity and C) comparing racial/ethnic disparities in LDKT by time cohort. Inferences obtained from Cox models are similar to inferences obtained from competing risk models. The tables below show results for both the waitlisted candidates and non waitlisted LDKT recipients, including the A) crude LDKT estimates by race/ethnicity and time cohort and the adjusted hazard ratios (HRs) from competing risk models: B) comparing LDKT in recent cohorts to the earliest cohort (1995 1999) by race/ethnicity and C) comparing racial/ethnic disparities in LDKT by time cohort.
A. Crude LDKT Estimates B. Temporal Changes in LDKT -Adjusted Sub Hazard Ratios*
